Cumene hydroperoxide induced changes in calcium homeostasis in cultured neonatal rat heart cells.
The relationship between oxidative stress induced cell necrosis and perturbation of intracellular calcium homeostasis was investigated in cultured myocytes. Cultured neonatal rat heart cells were loaded with fura-2 AM to measure cytosolic free calcium ([Ca2+]i). Probenecid, an inhibitor of organic anion transport, was present during the experiment to reduce efflux of fura-2 from the cytoplasm. Cells were exposed to cumene hydroperoxide, a toxic organic hydroperoxide that is known to induce oxidative stress in myocytes. The efficacy of the protective agents Trolox C (a vitamin E analogue) and chlorpromazine (a phospholipase inhibitor) on cumene hydroperoxide induced cell injury was determined. [Ca2+]i in control cells was constant (60 nM) during an incubation time of 45 min. Probenecid did not affect [Ca2+]i levels or cell viability under the experimental conditions. Cumene hydroperoxide caused a sustained rise in [Ca2+]i starting after 5-10 min, to a level of 1300 nM at 45 min. After 20-25 min the viability of the heart cells started to decline and after 45 min 44% of the cells were irreversibly injured. The loss of cell viability was expressed as percentage decrease of the fluorescence at 360 nm (the calcium independent wavelength), since the percent release of cellular alpha-hydroxybutyrate dehydrogenase (alpha-HBDH) activity equalled the percent decrease of the fluorescence at 360 nm. Trolox C and chlorpromazine almost completely prevented the cumene hydroperoxide induced alpha-HBDH release. The [Ca2+]i of myocytes incubated with cumene hydroperoxide in combination with Trolox C rose to 1000 nM without affecting cell viability. The cumene hydroperoxide induced rise in [Ca2+]i was markedly reduced by chlorpromazine (at t = 45 min, [Ca2+]i = 360 nM). Addition of Trolox C to untreated cells did not influence [Ca2+]i, whereas chlorpromazine alone induced a slight increase of [Ca2+]i up to 360 nM with complete preservation of cell viability. Trolox C and chlorpromazine are very effective inhibitors of cumene hydroperoxide induced perturbation of calcium homeostasis and subsequent cell death. A role for peroxidation of membrane phospholipids and activation of calcium dependent phospholipase in the cascade of events leading to irreversible injury is suggested.